, and well-preserved pteropods are present throughout the core. We therefore exclude any significant altering of the primary signal of the planktonic foraminifera shell chemistry by calcite dissolution.
Age model
The age model is based on 19 accelerator mass spectrometry (AMS) 14 C dates and the linear interpolation between them (Table S1 , Fig. S1 ). AMS dating was performed at the National Ocean Sciences Accelerator Mass Spectrometry Facility (NOSAMS) in Woods Hole, USA, and at Keck Carbon Cycle Accelerator Mass Spectrometry Laboratory (KCCAMS) in Irvine, USA. AMS 14 C dates were obtained on 9-20 mg calcium carbonate from mixed planktonic foraminifera (G. ruber, G. sacculifer, and O. universa). All ages were corrected for 13 C, and 14 C ages were converted to calendar years using the CALPAL 2007-Hulu software 3 and are reported as calendar years before present. We assume no regional deviation from the global reservoir effect of ~400 yr. The two nearest datasets from the Cocos (Keeling) Islands (411 ± 30 years) 4 , and from Pelabuhanratu (362 ± 71 years) off West Java 5 , suggest 400 years to be the most reasonable assumption. For the last deglaciation, evidence of larger deglacial reservoir ages in some upwelling regions 6, 7 raises the possibility that there were also larger reservoir ages south of Java. If this were the case, a revised age model would shift the observed events younger. However, a recently published study on a sediment core retrieved beneath the Java-Sumatra upwelling system 8 shows that the  
Census counts and oxygen isotope analysis
A minimum of 300 planktonic foraminifera specimens from the size fraction >150 µm were counted in each of the 165 selected samples. The relative contribution of G. bulloides to total planktonic foraminiferal fauna was calculated and used as a measure of upwelling intensity.
A Finnigan MAT 251 mass spectrometer was used to measure the  individual tests were picked for each measurement. The isotopic composition of the carbonate sample was measured on the CO 2 gas evolved by treatment with phosphoric acid at a constant temperature of 75°C. For all stable isotope measurements a working standard was used, which has been calibrated against VPDB (Vienna Pee Dee Belemnite) by using the NBS 19 and 20
standards. Consequently, all isotopic data given here are relative to the PDB standard.
Analytical standard deviation is about ± 0.07‰ (Isotope Laboratory, Faculty of Geosciences, University of Bremen).
Terrigenous fraction analysis
XRF measurements were performed on the archive half of the splice core in 2 cm steps resulting in a total of 380 measurements with an average temporal resolution of 57 years per sample. Here we use the log-ratio between Ti and Ca as a measure for terrestrial input ( Fig.   S2-a) . The significance and reliability of this method have been tested in a recent study 12 . We used Ti as the terrestrial end member since it lacks redox sensitivity, although other element ratios such as Fe/Ca are also highly correlated with Ti/Ca ( Fig. S2-b) . Likewise, we exclude changes in the biogenic Ca to account for the observed patterns in the Ti/Ca ratio, as other element ratios (Sr/Fe) show the same trends over the past 22,000 years ( Fig. S2-c) . 
Grain size analysis
Grain-size determination of 112 selected samples was performed with a Coulter Laser Particle Sizer LS200 on terrigenous material resolving grain-size spectra between 0.4 and 2000 μm in 92 size classes (Fig. S3) Grain-size analyses of terrigenous fraction in two sediment cores from the SE Atlantic and the SE Pacific 16 showed that through the last glacial-interglacial cycle, wind-blown sediment fraction was coarser grained than the river-derived sediments due to the proximity of the source of the aeolian dust. Fluvial sediments are usually clay-fine silt sized, whereas aeolian dust is silt sized 16 . We therefore interpret the fine fraction of the terrigenous sediment as the river-derived, and the coarser grained fraction as the wind-blown end-members (Fig.   S3 ). 
Modern calibration

Winter monsoon proxies:
The shell flux and chemistry of G. ruber and G. bulloides have been analysed in a sediment trap time-series off south Java (JAM1-3, Fig. S4 ) 17 . This study shows no seasonal preference in G. ruber fluxes over almost three years and suggests that this species records annual mean mixed-layer conditions between 0-30 m. In addition, the abundance-weighted SST value of G. ruber was calculated by assigning the in situ SST to each specimen and then averaged for the entire deployment period. The resulting SST (27.9°C) perfectly matches the measured SSTs averaged for 0-30 m water depth within the past 40 years (27.9°C, WOA05).
In contrast to G. ruber, about 90% of G. bulloides fluxes occur during the maximum upwelling between July and October (Fig. S4 ). In addition, net samples and CTD casts were ; Daily advanced very high resolution radiometer (AVHRR) SST data at the trap site (red, http://www.ncdc.noaa.gov); Precipitation over Indonesia (green, www.dwd.de); and lithogenic to calcium carbonate ratio (black) 22 . Note the pronounced monsoon-related cyclicity in all parameters. 
Summer monsoon proxies:
Today, precipitation over the core site is highest during the austral summer season 20 (December-March), when the ITCZ lies right above the study area (Figs. S6, S7-a) . This strong monsoonal cyclicity of precipitation is mirrored in river discharge in eastern Java that is highest during summer and negligible during winter 21 ( Fig. S7-b) . Likewise, the ratio between the lithogenic particles and calcium carbonate in a sediment trap time-series off S Java displays the same, pronounced monsoonal cyclicity 22 ( Fig. S4) . Maximum values occur during the summer monsoon season between December and March, when onshore precipitation over the core site and river discharge in eastern Java are highest. Similar seasonality of precipitation, river discharge, and lithogenic fluxes in the water column suggests that the terrigenous fraction of the sediments off South Java is inherently coupled to onshore precipitation during the austral summer monsoon. We therefore interpret downcore variations in the terrigenous fraction of GeoB 10053-7 as a measure of past changes in summer monsoon precipitation. 
